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Hadronization in τ → KKpiντ decays is driven by both vector and axial-vector currents that
we study, guided by the following principles: The 1/NC expansion -worked out at leading
order, considering only the contribution of the lightest spin one resonances-, approximate
chiral symmetry at low energies and the appropriate asymptotic behaviour we demand to the
associated form factors. All these features are implemented in the resonance theory. Most of
its couplings are determined by imposing the short-distance requirements of vector and axial-
vector spectral functions within QCD. We plan to improve our prediction of the hadronic
spectra using recently available experimental data.
1 Introduction
The mass of the τ lepton, ∼ 1.8 GeV, makes it privileged for it connects the hadronic and
leptonic worlds through its semileptonic decays in the cleanest possible way. On the other hand,
it sets the typical energy scale of these processes in a region where the fundamental theory of
strong interactions, QCD 1, becomes computationally useless.
One may, of course, rely on parameterizations of the assumed dynamics that have proved to be
very successful in the modes involving two and three pions, namely the Ku¨hn-Santamar´ıa (KS)
model 2, but it would be desirable to explain the experimental data within a framework that
resembles QCD as much as possible.
On the very low energy domain χPT3, 4 is the QCD dual at energies well below the ρ(770) mass,
i.e., E ≪ 0.6 GeV. As expected, however, χPT only applies to a small part of the phase space
in τ decays 5. The involved hadronization can not be understood without including explicitly
the resonances that are exchanged in the process. The most common procedure is to rely on
the phenomenologically successful notion of vector meson dominance 6, as we do.
The easiest way to incorporate the resonances is through Breit-Wigner functions, including
phase-space motivated off-shell widths and a weighted interplay between the fundamental and
excited resonances as in Ref. 2. This has been shown 7, 8 to violate chiral symmetry at NLO in
the chiral expansion. In addition, the assumed structure of exchanged resonances in the KKpi
modes 9 does not cover all those allowed, as can be checked by comparison with Ref. 10. Fur-
thermore, Ref. 9 includes different mass and width for the ρ(770) depending on its appearance
on the axial-vector current or the vector one. Finally, two multiplets of vector resonances are
used 9 in the axial-vector current, while three of them are employed in the vector one. The aim
of our work is to achieve a description of the considered decays closer to QCD than this one.
CLEO 11, BaBar 12 and Belle 13 have been collecting good quality data on τ → KKpiντ decays.
CLEO 11 announced that the parameterization in Ref. 9 was unable to fit their data so that
they reshaped it violating the Wess-Zumino normalization emanating from the chiral anomaly
of QCD, as was put forward in Ref. 14. BaBar has not published these results yet. However,
they have managed 15 to split with great precission the isoscalar and isovector contributions in
e+e− → KKpi so that, under the isospin symmetry we can use it for the considered τ decays,
as it has been done in Ref. 16.
The fact that CLEO and BaBar disagree with respect to their respective results being explained
or not by a model generalizing KS 2, on the one hand, and the inconsistencies in the treatment
followed in Refs. 9,17 -as stated in the previous paragraph- are the motivations for our work
trying to explain the experimental measurements while learning as much as possible about the
hadronization of the involved QCD currents.
2 THE RESONANCE CHIRAL THEORY OF QCD
As opposed to the very low energy sector, the effective theory of QCD at intermediate energies
remains unknown. Our aim is to resemble the underlying theory as much as possible. For
this, we rely on Resonance Chiral Theory (RχT), as introduced in the article 18, which is built
upon the approximate chiral symmetry of low-energy QCD for the lightest pseudoscalar mesons
and unitary symmetry for the resonances. Weinberg’s Theorem 3, 19 ensures the correctness
of writing a phenomenological Lagrangian in terms of mesons fulfilling the basic symmetries
of light-flavoured QCD. Its large-NC limit
20 guides the perturbative expansion of RχT. At
LO in 1/NC , meson dynamics is described by tree level diagrams obtained from an effective
local Lagrangian including the interactions among an infinite number of stable resonances. In
τ decays we need to include finite resonance widths (a NLO effect in this expansion) as we do
within our framework 21. We are also departing from the NC → ∞ limit because we consider
just one multiplet of resonances per set of quantum numbers (single resonance approximation
22) and not the infinite tower predicted that cannot be included in a model independent way.
Representing the resonances in the antisymmetric tensor formalism proves to be more convenient
23 in processes involving mesons as asymptotic states, instead of the Proca 24 or mixed 25 ones.
The relevant part of the RχT Lagrangian is 18, 26, 27, 28:
LRχT = F
2
4
〈uµuµ + χ+ 〉+ FV
2
√
2
〈Vµνfµν+ 〉+
iGV√
2
〈Vµνuµuν 〉+ FA
2
√
2
〈Aµνfµν− 〉
+LVkin + LAkin +
5∑
i=1
λiOiV AP +
7∑
i=1
ci
MV
OiV JP +
4∑
i=1
diOiV V P +
5∑
i=1
gi
MV
OiV PPP , (1)
where all couplings are real, being F the pion decay constant in the chiral limit. The notation
is that of Ref. 18. Here and in the following P stands for the lightest pseudoscalar mesons and
A and V for the (axial-)vector mesons. Furthermore, all couplings in the second line are defined
to be dimensionless. For the explicit form of the operators in the last line, see 26, 27, 28.
In order to inherit the maximum possible features of QCD, to be implemented in RχT, we still
have to exploit the matching between order parameters of spontaneous chiral symmetry breaking
with partonic QCD related quantities. The matching of n-point Green Functions in the OPE of
QCD and in RχT has been shown to be a fruitful procedure 23, 26, 27, 29, 30, 31. Additionally, we
will demand to the vector and axial-vector form factors a Brodsky-Lepage-like behaviour 32.
While symmetry fully determines the structure of the operators, it is the QCD-ruled short-
distance behaviour who restricts certain combinations of couplings rendering RχT predictive
provided we fix these few remaining parameters restoring to phenomenology: FV could be
extracted from the measured Γ(ρ0 → e+e−), GV from Γ(ρ0 → pi+pi−), FA from Γ(a1 → piγ)
and the λi’s from Γ(a1 → ρpi) which stars on the τ → 3piντ processes themselves. Γ(ω → piγ),
Γ(ω → 3pi) and the O(p6) correction to Γ(pi → γγ) may give us information on the remaining
couplings 27.
3 FORM FACTORS IN τ− → (KKpi)− ντ
The decay amplitudes for all charge channels can be written as
M = −GF√
2
Vuduντγ
µ(1− γ5)uτHµ , (2)
where
Hµ = 〈P (p1)P (p2)P (p3)| (Vµ −Aµ) eiLQCD |0 〉 = (3)
V1µF
A
1 (Q
2, s1, s2) + V2µF
A
2 (Q
2, s1, s2) +QµF
A
3 (Q
2, s1, s2) + iV3µF
V
4 (Q
2, s1, s2) ,
and
V1µ =
(
gµν − QµQν
Q2
)
(p2 − p1)ν , V2µ =
(
gµν − QµQν
Q2
)
(p3 − p1)ν ,
V3µ = εµν̺σp
ν
1 p
̺
2 p
σ
3 , Qµ = (p1 + p2 + p3)µ , si = (Q− pi)2 . (4)
Here Fi, i = 1, 2, 3 correspond to the axial-vector current while F4 drives the vector current.
The form factors F1 and F2 have a transverse structure in the total hadron momenta, Q
µ, and
drive a JP = 1+ transition. The scalar form factor, F3, vanishes with the mass of the Goldstone
bosons (chiral limit) and, accordingly, gives a tiny contribution. In Ref. 8 the vector form factor
was not contributing, so we do not only intend to confirm or refuse the bounds on the {λi}5i=1,
but to explore the vector current sector of the resonance Lagrangian. The explicit expressions
of the form factors can be found in Refs. 28, 10.
4 ASYMPTOTIC BEHAVIOUR AND QCD CONSTRAINTS
Computing the Feynman diagrams involved shows that the result depends only on three com-
binations of the {λi}5i=1, four of the {ci}7i=1, two of the {di}4i=1 and four of the {gi}5i=1. The
number of free parameters has been reduced from 24 to 15.
We require the form factors of the Aµ and V µ currents into KKpi modes vanish at infinite
transfer of momentum. As a result, we obtain constraints 33 among all axial-current couplings
but λ0, that are also the most general ones satisfying the demanded asymptotic behaviour in
τ → 3piντ . Proceeding analogously with the vector current form factor results in five addi-
tional restrictions33. From the 24 initially free couplings in Eq. (1), only five remain free: c4,
c1 + c2 + 8 c3 − c5, d1 + 8 d2 − d3, g4 and g5. After fitting Γ(ω → 3pi) -using some relations
obtained in 27- only c4 and g4 remain unknown.
Employing isospin symmetry36 we are able to provide a theoretical expression for σ (e+e− → KKpi)
that we have fitted to BaBar data 15 obtaining c4 = −0.052 ± 0.003 and g4 = −0.20+0.08−0.12. Re-
markably, this procedure has allowed us to be sensitive to the sign of c4 improving the work
done in 33. The results are represented in Fig 1.
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Figure 1: Fit of our computation for σ (e+e− → KKpi) to BaBar data. At higher energies than those
shown the contribution of excited resonances we do not have taken into account becomes relevant.
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